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FABRICS.

A number of fabrics have been mubjected to electron bombard-
ment by use of a 2 Mev Van de Graaff electrom accelerator, and then -
evaluated with respect to changes in certain mechanical properties,
Acrilan, aminized cottom duck, cotton duck (grey, various samples),
cotton sateen, Kuralon, Nylon {Oxford), Nylon (sateen), and varipus
treated fabrics have been irradiated at differew dose 1evuls and
the effects evaluated,

Table 1 summax*izes the results cbtained on certain fabric‘g at
dose levels of 2, 100, and 200 megareps as evaluated by determina-
tions of tear strvength The irradiations were in air except in
samples D-112 to D-115, where an attempt was made to evaluate the
effect of certain additiveso Gomparison of the results from these
four samples with those from the D-1 sample indicates that little
or no protection was afforded by the conditions of D112 to D-115.

Table 2 is a tabulation of the tear stirengths obtained for
various fabrics at dose levels of O, 0.5,.1, 2, 5, 10, 20, 40, and
80 megareps, In this series the @@tton duck showed the highoat '
rate of deterioration unmder the five conditions studied, whereas
wool-Nylen shirting was the most msi%‘&aan‘i;

The effect of irradiation on g;my cotton duck in air at dif-
ferent dose levels is shown graphically in Figure 1, where teas o
strcngth is plotted against dose, It is noted th,tt dsterioration
appears at very low dose levels and that the rate of deterioration
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(Cf, also Figures 2 and 3) decreases with an increase in dose. At
20 megareps, for example, cotton duck has approached maximum dete-
ricration with respect to tear strength. , ‘ E

The deterioration plots for Acrilan, Nylon sateen, Kuralonm .
sateen, Oxford Nylon, cotton sateen, cotton duck (grey), and smiw
nized cotton duck, are given in Figure 2, The highest rate of
deterioration is that of Nylom sateen whereas the lowest is for
Kuralon sateen, :

In Figire 3 the Yoriginal strength retained," expressed in
per cent, is plotted against the dose in megareps. At 200 mega-
reps, Kuralon retains about 65%, Acrilan and Qxford Nylon about
L5%, Nylon sateen about 30%, angvgmy,@otwn duck only about 5% of
‘their original tear strength. . o - . Y

From these data it is cbserved that the tear strength of
fabrics generally decreases with an increase in the amount of irra-
diation, tut that the slope of the deterioration curve is a func- .
tion of the nature of the fiber, the fabric, and its treatment..
Deterioration is usually detectable at or below two megareps and
the slope of the curve normally decreases with an increase in total
dose, Initially the deterioration is relatively rapid. In the
case of Nylon (Oxford) the apparent improvement at the high dose
level may be attributed to sampling or experimental error, Among
the more resistant fabrics studied are Kuralon, Acrilan, and some
of the Nylons., In one experiment not inclwled in the data; the
irradiation of Nylon in vacuum showed only slight deterioratiom
vhereas a comparable sample aimilarly irradiated in air retained
only about 25% of its initial properties as determined by its
stress-strain curve, : , : o

: It is noted that imsclubilized polyvinyl alcohol (Kuralon),

polyacrylomitrile (Aerilan), amd poly(hexamsthylelsadipamide)
(Bylon), are the most resistant to irradiaticn; and that Nylon
uwdergoes relatively little detericration when irradiated in
vacuun, It is plamed to study further the irradiation techmics
applicable to these mzterials with the hope of attaining optimum
condi tions fop each to minimize deterioration and then correlate
the chemical styucture of the material with the experimental
conditions for irradiation, ‘

Kuralon is a polyvinyl alcchol which has been insoiubilized
by theatmert with an aldehyde in the presence of ultraviolet light,
thus producing ether linkages which are relatively resistant to
oxidative irradiation, It may be presumed that irradiation of
Kuralon in vacuum would effect even less deterioration than that
observed in this study!’
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In the case of grey cotton duck, as judged by decrease in
tear strength, irradiation appears to cause about the same deteri-
oration as does weathering, The tear satrength (248 lbs,) of a
12 oz, cotton duck, for example, was decreased to 65 pourds by
weathering for 15 months and to 62;. pounds by exposure to 45 megareps,

In one series of experiments on the irradiation of grey cotton
duck, the effects were evaluated by both %ear strength measure-
ments and weight loss, From the consistency of the pattern obtained
in this %spot® experiment it seems likely that weight®loss may be
a more sensitive measure of the deterioration of cotton duck by
irradiation than is a change in tear strength. This experiment
was not designed to identify the volatile materials, which cause
the loss in weight, but such a study is contemplated, ,

All doses at 2 megareps and above were given at 2 megareps per
pass urder the beam, with the conveyer belt moving at about one
foot per minute, Where multiple passes are involved, there was
about a twenty minute interval between successive passes9 hence
the heat effect on a sample caused a rise in temperature of not
more than about five degrees centigrade,

LEATHER

Chroms=tanned;, chrome-retanned, vegctableatanned upper leather,
and unt anned hide samples have been exposed to electron bombard-
ment by a Van de Graaff electron accelerator at two megareps per
pass at different dose levels, and the effects evaluated by use of
bursting strength (1/8 inch plungerq /8 inch orifice), stitch-
tearing strength, and shrinkage temperature (methods E-13 and B-1L
of the American Leather Chemist's Assof”&tion Hethods Book and
Federal Specification KKL-311),

Scme of the results are shown graphically in Figures 4, 5 and
5., OSignificant changes in the shrinkage temperature, bursting
strength, and stitch-tearing strength were not observed for the
chmmemtanned samples at the two megarep levsl but they were notice-
able for the chrame-rstarned amd the vegetable~tammed leather. At
higher dose levels, the deterioration of physical properties be-
comss apparent by aL. three tests,

Figure 5a, on which "degreez less than the control® is plotted
against the total dose in megaveps, graphically iliustzates the
effect of irradiation on the shm,nkage temperature of both chrome-
tanned and chrome-retanned leather, It is observed that above 100
megareps the effect levels off, Vegstable side leather upon irra-
diation at a comparable dose level becomes so brittle that it
breaks in the Theis Shrinkage meter,
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Table 3 ard Figare 6 are tabular and graphic records of the
data obtained in a series in which dehaired, delimed, and dehy-
drated hide was studied with respect to t.he effect of irradiation
on burst strength, shrinkage temperature, stitch~tearing strength,
and soluble nitrogen, in both air and argon atmospheres and under
both dry and moist conditions, The argon. atmosphere appears to
give less deteriorat jon than air although mt consistently. This
may be attributed in part to the commercial composition of the
argon used and particularly to the fact. (observed in studies on
monomer systems) that at low doses the argm ‘does not serve as an
energy carrier, The moist samples, in general deteriorated less
than did the dry samples, The soluble nitrogen determinations?
gave the highest values for the dry samples, except for the con-
trols, and at the higher dose levels the samples in argon gave
“about 10% more solubl e nit rogen tha.n did the. comparable samplas
' packaged in air, , .y

From Table 3 it is observed that an improvemerrb in stitch-
tearing strength and in burst strength occurred at low dose levels,
‘but it seems likely that this may not be si.gnlficant and might be
attributed to variat.icm in samplesn :

In another study the effects of gamma~-rays on hide and on
chrome leather obtained fram irradiated hide were evaluated,  Four
samples of the same hide were divided; one half was used as a con-
‘trol and the other exposed to irradia’c.ion as mdicat.ed in Table 4,

Table 4. Gamnamlrradiabion of Hide a.ncl of Chrome Leather
Obtained froam Irradiated Hide.

Burst Strength | 1bs./in.C | Shrinkege in Water—— 0°C.>
Dose Untanned " Tanned . Untanned Tanned

No, Megareps | 1954 1958 [1954 1958 1951:, —__ 1958 ' 1954 1958""
A-0] O o — | 800 640 64 - = | 106 94
A-1! 2 o -— | 780 690 | 60 == | 95 91
BO] O | = - - |97 69| 63 — | 106 94
B-1| 10 o == | 290 340 | 5 |t
c-0f © 1240 1100 | = | 63 60 — -
- C=1 2 1300 1220 e 57 50 || ==
D0 O 1390 1190 | —= =— | 65 63 S
D-1| 10 730 770 | ==~ == | 42 39 — -
a. Except for 1954 values for the A and B samples which were

obtained in glycsrin-water mixturse,
b, Mean valwe of two detsrnximtions
¢, Mean value of four deteminations
#lostability to contract,
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The effect of irradiation of a hide prior to tanning was :
studied as a possible tanning aid, but the deterioration effects
were even more pronounced than in the case of tanned leather. One
may postulate that (1) mild irradiation ruptures the cross-links
of the protein chains in the "protofibrils® of the hide to an ex-
tent that subsequent chrome-taming (the remarkable hydrothermal-

stability effect being ascribed to cross-linkages) does mot restore

the breaks inasmuch as the capacity of the chrome complex to bridgs

the distance between the protein chains is very limited, and (2)

stronger irradiation affects the cohesion 'of the fiber tundles,
with a consequent loss in mechamical strength,

On the basis of these studies on the irradiation of various
types of hide and leather, one may conclude that: (1) damage in
hide and leather occurs at relatively low levels of irradiation,
(2) the first effect ig a lowering of the resistance to wet heat’:
(shrink resistance), (3) larger doses weaken the fiber structure
and lead to increased loss in strength, and (4) the results of
electron irradiation under the conditiorns of these experiments are
consistent with those obtained by gamma-irradiation as reported by
Victor G, Vely of the Battelle Memorial Institute at the A,I C,,Ao
meeting at Mackinac Islarxi :m Juns of 1959,

The authors gratefully acknowledge the assistance and techni--
cal help received fram: James Martin Cassell, Leather Section,
National Bureau of Standards; Hubertina Clayton leather, Footwear
& Handwear Branch, TC&F Division, QM R&E Center; Josephine M,
Stephens, Textile Engineering Branch, TC&F Division, QM R&ZE Center;
and Ela.nor Th, Vadala, Textile Technology, Philadelphiaumavy Yard,
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FIGURE 3
IRRADIATION OF FABRICS

D-46 KURALON

D-43 ACRYLAN
D-41 NYLON, OXFORD

D-44 NYLON, SATEEN

D-42 SATEEN, X- 5]

D-49 BA109,SRRL
D-48 BA 110, SRRL
g }, XTTON buck GREY
1 3 D-4 Smmgg PN
40 80 120 160 200
MEGAREPS




SdUVOIN

*Z0 $8'A3u0
‘/gl 8 OS1-0 ‘' %¥9NA NOLLOD --
S21-0 ‘NVL 3769ViVO3IA ©
$21-0 * NVL3Y INONHO O

€21-0 * NVL 3NO¥HO X
"»ond

NOLLOO ANV Y¥3HLV3IT G3INNVL dJO NOILVIGVYYI
¥ 34Noid

H19ON3H1S 1Sdng

G3NIVLIY 3INTIVA TTVNISINO %

12




Sd3UVOIN

00¢ 00¢ 00l (0]
T | Y 0
> 2
lllllll y 4 Ob
4 09
4 08
apis NVLIN ANMY O N %
apis awoJyy ¥ |
3 001
o]
(%GL 2uladh|b) SIYNIVHIAWIL IOVININHS _.O
,. °

S 34N9ld




| Sd3YVO3IN
09 0S ot (o] 0¢ Ol

9s0(Q SnsudA saaibag ul ssoT

Do ‘UNIVHIAWIL 3IOVININHS
NO NOILVIGVNYYI 40 193443 ]
oG 3NN

ol

0e

oe

0] 4

TOHLNOD NVHL SS377 $33¥930




Sd34VO3IW NI 3s00

Q.N o._
<€) - o ut Kip pajoipoasl ‘Yibuass ysung 'y .W ob
09
08
00l
HL19N3¥1lS ¥V3IL-HOLILS OGNV

HLON3YLS 1synNE8 NO NOILVIQVdYl 40 193443 y ~9¢El
9 34N9I4

3NTIVA TIVILINI 40 NOILN3L3¥ 1N3J¥3d

15




